Results of HbA1c measuring is used in management diabetic patients. So agreement between results of different HbA1c measuring methods and kits is critical in medical decision making. Results of measring HbA1c of 55 patient's blood samples with five commonly used kits in Iran, including Pars Azmon, Pishtaz Teb, Biosystem, Roche, and NycoCard, compared with total mean results. All kit results showed good correlation (r>0.96) with total mean results. In paired ttest analysis, results of Pars Azmon, Biosystem, and NycoCard had no statistically significant difference with total mean results, but results of Pishtaz Teb and Roche kits were significantly lower and higher than total mean results, respectively. However, this differences were clinically insignificant. With respect to results of external quality assessment program (EQAP) in Iran and results of this study, analytical performance of studied kits are acceptable, except for Roche kit which had a positive bias.
INTRODUCTION
Diabetes mellitus is associated with complications of eyes, kidneys, heart, blood vessels and other organ systems. Long-term complications of diabetes include retinopathy with potential loss of vision, nepheropathy leading to renal failure, and peripheral neuropathy with risk of foot ulcers and amputations 1 . The results of major clinical trials, The Diabetes Control and Complications Trial ((DCCT) and The U.K. Prospective Diabetes Study (UKPDS), showed that the development and progression of diabetic complications can be delayed by monitoring the glycemic status of patients 1, 2 . The tests most widely used in monitoring the glycemic status are blood glucose and glycated haemoglobin 1 .
Fasting blood glucose measuring is used for short-term monitoring and has limited value for the long term assessment of glycemic control 1, 3 . In addition, it is affected by last feeding and other conditions, such as stress and using drugs 4, 5 . So, the blood glucose level is inadequate in evaluating the level of glucose regulation.
For the long term assessment of glycemic status, measurement of HbA1c, main glycated hemoglobin, is now routinely and widely used in clinical practice 6, 7 . Formation of HbA1c is directly proportional to blood glucose which is not affected by diurnal fluctuations of blood glucose 4 and so is the most important indicator of the the overall glucose level in a patient during a period of two or three months 8 . Results of DCCT and UKPDS showed good correlation between diabetics long-term complications and blood HbA1c levels and thereafter HbA1c assay has become the gold standard measurement of hyperglycemia 1, 7 .
There are different principles and methods for measuring blood HbA1c 2, 8 . The result of blood HbA1c of one patient measured by different methods or kits may be siginificantly different. So, clinicians are usually worried about reliability of HbA1c test results which may affect on patient treatment.
There are numerous analytical problems associated with HbA1c measurement, including lack of assay standardization, intrference by hemoglobin varients in patients with hemoglobinopathies, and presence of hemoglobin derivatives in uremic patients 1, 9 .
In order to obtain same results of HbA1c in a whole blood specimen by different methods, standardization of these methods is essentisl. Standardization of HbA1c assays was began in 1996 by The National Glycohemoglobin Standardization Program (NGSP). American Diabetes Association (ADA) recommends using NGSP certified assays for measuring HbA1c in whole blood 8, 10 .
Five most commoly used HbA1c measuring kits in Iran are Pars Azmon, Pishtaz Teb, Biosystem, Roche, and NycoCard which all of them have NGSP certification or their results can be convertd to NGSP certified method. In this study, we compare results of measuring patient's whole blood HbA1c by these different methods.
MATERIAL AND METHODS
Venous blood of fifty five subjects, including diabetic, pre-diabetic, and nondiabetic patients, were collected, every in four different EDTA containing tubes, during six working days, which lasted from 15 February 2014 to 27 Februray 2014. These tubes were sent to four clinical laboratory within the same day of blood collection to measure HbA1c. Every laboratory used one different kit for measuring HbA1c, except one laboatory which used two kits for this measuring. So, HbA1c in every specimen of 55 subjects were measured with five kits which were commonly used in clinical laboratories of Iran. These kits included Pars Azmon, Pishtaz Teb, Biosystem, Roche, and NycoCard which their assay priniples were immunoturbidimetry, enzymatic, cation-exchange chromatography, immunoturbidimetry, and boronate-affinty chromatography, respectively. Every sample was tested in duplicate. Each method was calibrated according to manufature instructions and in each run, two control materials, including normal and high levels, were tested as internal quality control. HbA1c results were reported as percent of total hemoglobin.
After reporting results, as an external quality assessment, mean of ten reported results from duplicate measuring of each sample with five different kits was calculated and used as target value for comapring mean of each kit duplicate measuring. In this way, we calculated absolute bias (Bias), percent bias (Bias%), and standard deviation index (SDI) according to following formulas [4] :
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For calculating SDI, we used SD (standard deviation) of ten results used for calculating target values. According to SDI, methods were classified as excellent (SDI ≤ 0.5), good (0.5 < SDI ≤ 1.0), acceptable (1.0 < SDI ≤ 2.0), marginal (2.0 < SDI ≤ 3.0), and unacceptable (SDI > 3.0). Clinically acceptable range was calculated as total mean ± 6%, which is recommended by College of America Pathologists (CAP) 11 , and then acceptability of each peergroup mean was investigated according to this range.
Data analyzed with statistical sowftware of SPSS 20 and MedCalc 13.3.1. The paired t-test was used to compare means and linear regression analysis was used to determine the coefficient of correlation. We also used Deming regression analysis for the comparison of the methods 3 . When results of both of comparative method (here, results of total mean) and test method (here, each kit results) have imprecision, using Deming regression analysis is better than linear regression in which there is assumption that comparative method results are free of imprecision 12 .
RESULTS
Between-day coefficient variation (CV) for normal level (table 1) and high level (table 2) control materials were about 3% to 4%, except for Biosystem which were about twice.
Calculated target values range from 4.7% to 11.3%. According to these target values, 12 (22%) patients were nondiabetics (HbA1c less than 5.7%), 6 (11%) patients were pre-diabetics (HbA1c 5.7-6.5%), and 37 (67%) were diabetics (HbA1c more than 6.5%). Calculated total mean was 7.41%. Mean of results obtained by Pars Azmon, Pishtaz Teb, Biosystem, Roche, and Nycocard were 7.27%, 6.82%, 7.39%, 8.06%, and 7.54%, respectively (table 3). The paired t-test showed that Pishtaz results and Roche results were siginficantly lower and higher than mean results, respectively (table 4); these differences were very significant (p<0.001). The results of Pars Azmon and NycoCard were also lower and higher than mean results, respectively; but these differences were not very significant (p<0.05).
According to allowable total error of ±6%, clinically acceptable range was 7.41% ± 0.44% or 6.97% to 7.87%. According to this rang, means of Pars Azmon, Biosystem, and NycoCard kits were clinically acceptable, But means of Pishtaz Teb and Roche kits were clinically unacceptable. Table 5 has summerized average of bias% and SDI of each kit results. Average of bias% and SDI of Pishtaz Teb and Roche kit results were higher than mean bias% and SDI of Pars Azmon, Biosystem, and NycoCard kit results. Roche kit results had the highest bias% and SDI. Average bias% and SDI were lowest for Biosystem and NycoCard, respectively. According to average SDIs, analytical performance for Pishtaz Teb and Roche kits was acceptable, for Pars Azmon and Biosystem was good, and for Nycocard was excellent. Table 6 shows results of correlation analysis and Deming regression analysis. There was good correlation (r > 0.96) between each kit results and target values. When Deming regression analysis of Pishtaz Teb kit results was examined, the 95% coinfidence interval for y-intercept did not contain the value 0 which shows a constant systematic error in Pishtaz Teb results. When Deming regression analysis of Roche kit results was examined, the 95% coinfidence interval for slope did not contain the value 1 which shows a proportional systematic error in Roche results. In Deming regression analysis of NycoCard results, the 95% coinfidence interval for slope did not contain the value 1, but the lower limit of it, 1.005, was very near to 1. Deming regression of other results showed no systematic error. Figure 1 shows Deming regression plot of five different kit results against target mean results. As visually is evident, there are constant systematic error in Pishtaz Teb results and proportional systematic error in Roche kit.
DISSCUSSION
According to NGSP precision criteria, between-day CV% must be less than 4% [8] . This was achieved by Pars Azmon, Pistaz Teb, Roche, and NycoCard kits. But between-day CV% was higher for Biosystem kit (6.5% and 6.1% for normal and high level control material, respectively). This was comparable with producer information which had stated between-day CV% of 7.3% and 5.9% for QC material with mean HbA1c concetration of 7.2% and 9,9% respectively. This hiher CV% may be due to effect temperature on results.
Several studies have reported a perfect relationship between HbA1c methods based on different principles 13 . Good relationship and concordance between the different methods, as indicated in other studies, support the reliability of properly used different methods.
Ozceelik et al., 13 compared three methods for measuements of HbA1c in Turkey. They found that mean HbA1c measured by high performance liquid chromatograpphy (HPLC) was statistically higher than particle-enhanced immunoturbidimetric assay (PEITT) and turbidimetric inhibition immunoassay (TINIA). They concluded this higher values may reflect that HbA1c peak was affected by abnormal variants, because the HPLC method is less specific than two other methods.
Sudhakar et al., 3 compared three methods for measurement blood HbA1c, including PEITT, TINIA, and HPLC. They also showed statistically significant higher mean results with HPLC than mean results of PEITT and TINIA. F. Ozcelick and B. Sudhakar Studies showed better correlation between PEITT and HPLC and They recommended using PEITT method for measuring HbA1c, which is reliable, faster and easier 3, 13 Khan et al., 14 compared HPLC, as pereferable method, and immunological methods for measuring HbA1c. They found that mean of these two methods have no significant difference in HbA1c up to 10.0, but have significant difference in HbA1c more than 10.0. Finally, they concluded that HbA1c can be measured by immunological method in an automated chemistry analyzer to make the test cost-effective.
Thvarajah et al., 15 campared two HPLC method, one based on boronate affinity chromatography and other based on cationexchange chromatography, and one immunoturbidimetric method of measuring HbA1c. They found good correlation between these methods.
In Our study, statistically and clinically Significant differences between means of Pishtaz Teb and Roche kits may be due to used calibrators, incorrect calibration or improper use of kits and calibrators. We have seen in fifteen, seventeen, and eighteen runs of External Quality Assessment Program (EQAP) in Iran, Roche kit results were siginficantlly higher than total mean group results. This confirms positive bias of Roche kit and show that it is due to calibrators and their assigned values which needs further evaluation and if confirmmed, then necessitates corection actions.
Significantly lower mean concentration (Negative bias) of Pishtaz Teb kit was not seen in EQAP-15, EQAP-17, and EQAP-18. This shows that this negative bias may be due to improper instrument calibration.
In general, without regard to principles of measuring HbA1c, using NGSP certified assays is essential in measuring patient's HbA1c blood and it is also necessary that this assay be used properly. So, pre-analytical, analytical, and post-analytical errors must be in control and method performance must be clinically acceptable.
